Abstract. The occurrence of chemotherapy-induced alterations in markers of haemostasis during chemotherapy has been reported previously. However, the change of the haemostasis markers in the cyclophosphamide, epirubicin and fluorouracil (CEF) regimen remains unclear. The aim of the present study was to identify the change of the haemostasis markers during systemic chemotherapy (600 mg/m 2 cyclophosphamide, 80 mg/m 2 epirubicin and 500 mg/m 2 fluorouracil; four courses over 21 days) to investigate its influence on the haemostasis markers of breast cancer patients and to discuss the requirement of anticoagulation therapy. D-dimer, activated partial thromboplastin time (APTT), prothrombin time (PT) and fibrinogen (FIB) values were obtained before chemotherapy and on days 1, 4, 7 and 21. The results show that PT, D-dimer and FIB were not prolonged prior to chemotherapy compared to that under the control. APTT was prolonged until day 4. The levels of D-dimer and APTT were significantly higher compared to those of the breast cancer patients before receiving chemotherapy and controls on days 1, 4, 7 and 21 after chemotherapy. Alteration of the haemostasis markers occurred in the breast cancer patients under the CEF chemotherapy regimen. As there is an increased risk of deep vein thrombosis and pool prognosis of cancer patients, anticoagulant therapy should be considered.
Introduction
The incidence of the hypercoagulable state in occult or overt malignancy patients has been observed since the first observation in 1865 by Trousseau. Patients with cancer are at a higher risk of developing venous thromboembolism (VTE), as confirmed in numerous studies. The reason for developing VTE is due to pathology multifactorials, such as the toxic effect on vascular endothelium, and upregulation of platelet and monocyte activity (1, 2) . Thus far, the mechanisms according to which cancer cells contribute to the hypercoagulable state are complex and not completely understood. In the hypercoagulable state, tumor cells are packaged by a polymerid of hemaleucin and platelets so that they escape from immunological surveillance (3, 4) . This state directly facilitates the production of thrombin and numerous signal conduction mechanisms are activated to enhance the production of new tumor vessels and to promote metastasis.
As the use of anticoagulants may be associated with an unacceptably high risk of bleeding complications, investigations have focused on discovering a marker to identify patients at the highest risk for VTE and poor prognosis who would benefit from careful prophylaxis (5) . Coagulation-related markers, including thrombin-antithrombin, fibrinogen (FIB), D-dimer, tissue factor (TF), platelet count, activated partial thromboplastin time (APTT) and prothrombin time (PT), have been assayed by investigators to evaluate the state of the haemostatic and procoagulant systems. Alteration of these parameters in malignancy patients have been found in certain studies, and specific alterations have been assumed to be associated with malignancy-induced hypercoagulable state (6, 7) .
Several researchers have reported that chemotherapy is able to induce alterations in markers of coagulation in breast cancer patients (8) . However, few have regarded the change of haemostasis markers in specific regimens commonly used in breast cancer patients. The cyclophosphamide, epirubicin and fluorouracil (CEF) regimen as an adjuvant therapy for breast cancer has widespread implementation in China. (Table I ). Infiltrating ductal carcinoma was observed in 61 patients, infiltrating lobular carcinoma in 16 patients, colloid carcinoma in two patients and erebriform carcinoma in one patient (Table II) .
Blood sampling and methods. Markers of haemostasis, such as FIB, D-dimer, PT and APTT, were measured before chemotherapy and the state of haemostatic and procoagulant systems following commencement of chemotherapy in all the patients were evaluated at 24 h on days 4, 7 and 21. Venous blood punctuation sampling was performed at the antecubital fossa. Within 2 h after being collected into tubes, all the specimens containing anticoagulants were separated as heparin. Serum samples were allowed to clot at room temperature. All the samples were centrifuged for 20 min at 41˚C and 2,500 x g and the plasma or serum was removed from the cells. Serum and plasma samples were subsequently divided into 0.3 ml aliquots.
All the patients were pathologically diagnosed with breast cancer and were administered in The First Affiliated Hospital of Xi'an Jiaotong University. In total, 62 received modified radical mastectomy or breast-conserving surgery on the basis of the tumor size, position, preoperational biopsy results and imaging examination. Colony-stimulating factor and other supportive treatments were administered to ensure the tolerance of patients in the whole treatment. When any presymptom of a fatal event was identified during chemotherapy, the treatment was stopped immediately. A prospective cohort study was undertaken based on the above condition. All the patients provided written informed consent. The study was approved by the Conduct of Human Ethics Committee of Xi'an Jiaotong University.
Statistical analysis. Data on PT, APTT, FIB and D-dimer were assayed by standard laboratory methods with a Sysmex CA-7000 (Sysmex Corporation, Kobe, Japan) automated blood coagulation analyzer with the appropriate reagents and standards. Laboratory analyses were performed in a blinded fashion. APTT and PT data were reported as mean (confidence interval) and D-dimer and FIB data were recorded and reported by geometric means (confidence interval). The analysis of the values in patients prior and subsequent to chemotherapy was performed by repeated measure analysis of variance; the analysis of values between patients and controls was conducted by one-way analysis of variance. P<0.05 was considered to indicate a statistically significant difference.
Results
Changes in the haemostasis markers during systemic chemotherapy. In total, 71 of the 80 patients completed the therapy. Six patients did not complete the treatment due to myelosuppression, including thrombocytopenia and penineutroa. A total of three patients withdrew due to non-hematological toxic responses, such as strong dizziness, nausea, vomiting and declined appetite. The value of D-dimer was significantly different between prechemotherapy and control patients (P<0.05), while APTT, PT and FIB were not altered in breast cancer patients compared to the controls prior to chemotherapy (P>0.05) (Fig. 1) . The value of coagulation parameters (repeated-measures analysis). FIB showed a similar trend to PT. APTT on day 1 was prolonged but was not significantly different in comparison to before the chemotherapy. APTT showed an increase within 4 days after the commencement of chemotherapy and returned to the level of prechemotherapy on day 7, but it remained under normal limits and maintained at this level until day 21 (P>0.05) (Fig. 2) .
The plasma D-dimer level was above the reference value (1.0 mg/l) in 20 out of the 71 patients with breast cancer prior to chemotherapy (28.2%). There was a significant difference between the prechemotherapy group and controls (P<0.05). Although statistical significance was found in the analysis, 53 out of the 71 values were postoperative, and were not able to exclude the effect of surgery. At 24 h, no significant difference was identified when comparing to the D-dimer level prior to chemotherapy and in patients commencing 
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chemotherapy. A marked increase was observed within 4 days after the commencement of chemotherapy and this was more pronounced on day 7 (P<0.001). Although the increase in D-dimer was maintained until day 21, the geometric means on day 21 was declining in comparison to those on days 4 and 7 (Table II) .
Discussion
Malignancy is closely associated with the hypercoagulable state. Idiopathic or scandium VTE occurs with the prevalence of ~10% in malignancy patients as a paraneoplastic phenomenon (6) . Necroscopy shows that 50% of patients with malignancy have thrombogenesis in their body circulation (7). Certain researchers have found that the risk of developing cancer one year after thrombogenesis is 4.4 times that of those without thrombogenesis (12) . Tumor itself induces the hypercoagulability state, and the net haemostatic disorder is a characteristic of patients with solid tumors (13) . The aggravation of the hypercoagulability state by chemotherapy has been observed in numerous studies. Several results suggest that the pathogenesis of thrombotic complications may be an important event of the coagulation-fibrinolysis system disorder during chemotherapy (14) . The change in the haemostatic and procoagulant systems is reflected by certain TFs and laboratory test values, such as APTT, PT, D-dimer, FIB, cancer procoagulant and plasma vascular endothelial growth factor, and the thromboplastin activation test. A previous study showed a significantly prolonged APTT in low-grade malignant non-Hodgkin's lymphoma (15) . APTT, PT, D-dimer and FIB are four widely used measurements that evaluate the coagulation system in China. Therefore, these four measurements were used to observe and analyze the results in the present study.
In numerous studies, D-dimer was observed to be more sensitive and significant in breast cancer and other malignant diseases than other measurements, and it is associated with the complication and prognosis of cancer (16, 17, 18) . D-dimer is a degradation product of fibrin and reflects the fibrin concentration. The development of deep venous thrombosis has been proved to be associated with D-dimer. Increased D-dimer levels have been reported to show the potential presence of silent VTE prior to treatment in ovarian cancer (19) . Furthermore, in the majority of relapse or resistance to chemotherapy cases, a further increase of plasma concentration of D-dimer is commonly observed.
The elevated plasma D-dimer values at presentation are associated with a poor overall survival rate, event-free survival and underlying cancer (20) . A high preoperative plasma D-dimer level is a marker of advanced tumor stage and short survival rate following curative resection in patients with colorectal cancer (21) , as the recovery of the haemostatic balance with effective chemotherapy is associated with the prognosis for patients with gynecological malignancies (22) . According to these studies, the importance of D-dimer levels is particularly emphasized in the present study.
For the evaluative role in the curative effect of chemotherapy, the change of D-dimer levels during chemotherapy has been focused on by numerous investigators. Studies have shown that elevated D-dimer plasma levels in patients with lung cancer are associated with a decreased survival rate and a poor response to treatment (16) . The result of this study suggests that an imbalance of the coagulation-fibrinolysis system may be a contributing factor in the pathogenesis of thrombotic complications during chemotherapy. D-dimer was also used as a prognosis marker in breast cancer patients (23) . Certain results have indicated the presence of a hypercoagulability state in females with operable hormone receptor-negative breast cancer. A significantly high D-dimer level in patients contributed to a poor prognosis, which may be an encouraging marker for the prognosis of operable hormone receptor-negative breast cancer females (24) .
The chemotherapy-provoked hypercoagulability state in breast cancer is demonstrated by D-dimer levels in the study of Rella et al (9) . Cyclophosphamide, methotrexate and fluoreuracil provokes a trend towards hypercoagulability, which should be considered when chemotherapy is employed in advanced cancer patients with a high risk for thrombosis, or in patients with other risk factors. The present study provided additional clinical data for the field.
The present study showed that coagulation-fibrinolysis manifested a hypercoagulability state through D-dimer and APTT during the CEF regiment chemotherapy. The change of D-dimer was more significant compared to APTT and varied during the chemotherapy treatment. D-dimer levels were elevated on day 4 and reached a peak on day 7. The levels reduced on day 21 but remained higher than that in the prechemotherapy and controls. According to the results and other previous studies, day 7 may be of the highest risk for thrombosis. The significant elevation of D-dimer in patients during chemotherapy may have a poorer prognosis.
Certain studies hypothesized that the D-dimer value could be used in predicting the outcome of cancer. Data showed that the preoperative D-dimer plasma level may not be a predictor of clinical outcome in advanced ovarian cancer patients, while other studies suggested standardizing assays (25, 26) . However, the positive views were dominating and supported in the present study.
In the present study, the hypothesis was that the proper control of the hypercoagulability state can reduce the risk and improve the prognosis of breast cancer patients receiving chemotherapy. The most sensitive measurement for this could be D-dimer. Certain treatments have been administrated to the hypercoagulability state. There have been studies regarding treatment of the chemotherapy-induced hypercoagulability state (27, 28) . Improving the prevention and treatment of VTE in cancer patients is required. The American Society of Clinical Oncology and the National Comprehensive Cancer Network has published the guidelines that encourage improving the appropriate use of low molecular weight heparin (LMWH) and other agents to enhance the clinical outcomes in medical cancer patients at risk for VTE and its complications (27) . Another study has certified the safety of long-term anticoagulation with LMWH and is effective in reducing the recurrence of VTE in cancer. The role of thromboprophylaxis in ambulatory cancer patients receiving chemotherapy is an area of new insight (28) . LMWH was confirmed to be a more effective and safer commonly-used anticoagulant agent (28) . However, no prospective clinical studies have addressed the alternation of D-dimer during anticoagulant administration chemotherapy. Forthcoming studies should focus on this topic. Although the clinical trials are limited, the beneficial effect of anticoagulant treatment on the survival rate of cancer patients is positively confirmed. Regarding the safety consideration of the anticoagulant therapy, more clinical trials on the suitable dose and the duration of treatment are required in this area. However, for an improved response to treatment and prognosis, the use of anticoagulant therapy is recommended in the present study.
In conclusion, during the CEF regiment chemotherapy, the change of D-dimer was more significant than APTT and was not at the same level during the chemotherapy. D-dimer levels were elevated on day 4 and reached a peak on day 7. According to the results and other previous studies, day 7 may be of the highest risk for thrombosis. A hypothesis was introduced that the proper control of the hypercoagulability state can reduce the risk and improve the prognosis of breast cancer patients receiving chemotherapy. The most sensitive measurement for this could be D-dimer. For an improved response to treatment and prognosis, the use of anticoagulant therapy is recommended. Regarding the safety consideration of the anticoagulant therapy, more clinical trials on the suitable dose and the duration of treatment are required in this area.
